Abstract-Physiological significance of shortened action potential on the negative inotropic action of acetylcholine was studied in isolated atria of guinea pigs from the aspect of drug-antagonism at the configuration of the transmembrane action potential.
Abstract-Physiological significance of shortened action potential on the negative inotropic action of acetylcholine was studied in isolated atria of guinea pigs from the aspect of drug-antagonism at the configuration of the transmembrane action potential.
A series of agents which cause prolongation of duration in action potential and without marked effects on the contractility such as o-benzoyl thiamine, E-10, quinidine and diphenhydramine were used as antagonists to observe the effect of acetylcholine in shortening the duration of action potential. Additional applications of these antagonists to the atria during exposure to acetylcholine recovered to the normal state, both the shortened action potential as well as the suppressed contrac tility.
The results herein clearly indicate that the negative inotropic action of acetyl choline is dependent on the shorter duration of depolarization.
Antoni and Rotmann (1) have pointed out that the effect of acetylcholine inhibiting myocardial contractility is due to a shortening of action potential, from the facts that acetyl choline gave a negative inotropic effect in parallel with a shortening of the duration of action potential and that the fused contraction produced by tetanic stimuli after addition of acetylcholine is quite similar to the normal contraction before the addition of acetyl choline.
No such a fused contraction is however noted in mammalian myocardium. Ir frog heart, no evidence is available for the equality of a fused contraction with that of a twitch contraction in the normal state. For these reasons, inhibitory mechanism of acetyl choline in cardiac muscle has yet to be adequately demonstrated.
In the current experiment, the author was concerned with agents having the opposite effect to acetylcholine in the contour of monophasic action potential and without a re markable effect on myocardial contractility. The interaction of these agents with acetyl choline regarding the contractility and the configuration of action potential was investi gated.
MATERIALS AND METHODS
Atria isolated from guinea pigs of both sexes, weighing 150-200 g were used for re cording of monophasic action potentials due to the relative facility in intracellular elec
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Supported by a research grant from the Ministry of Education, Japan. The results indicate that the negative inotropic effect is directly associated with the shortening of the duration in action potential.
Agents which prolong the duration of action potential
As agents which prolong the duration of action potential, quinidine sulfate (10-6 g/ ml), diphenhydramine hydrochloride (5 x 10-6 g/ml), E-10-a mixture of octyl-di(amino ethyl) glycine HCI and di(octylaminoethyl) glycine HCl-(10-' g/ml) and o-benzoyl thia mine (OBT, 10-6 g/ml) were selected. The action of the former two agents is well known (2, 3) , and that of the latter two was determined by this author (4, 5) . Addition of these agents to the nutrient bath of naturally beating atria, resulted in a slight and gradual in hibition of the contractile tension and a decrease in the beat (Fig. 4) . The duration of action potential, on the other hand, was definitely prolonged by OBT (Fig. 5 ) and a simi lar change was seen with the other three agents.
Pharmacological interaction between agents which prolong the action potential and acetyl choline
The contractile tension of the atria decreased markedly with acetylcholine chloride (5 x 10' g/ml). The effect lasted over a period of a 2-3 hr, while the inhibition was quickly dissolved by the additional application of OBT (10-6 g/ml) or E-10 (10' g/ml), quinidine sulfate (10-6 g/rnl) and diphenhydramine hydrochloride (5 x 10-6 g/ml) 3 min after the administration of acetylcholine (Fig. 6) . On the other hand, shortening of the duration in action potential induced by acetylcholine was also recovered by these agents, with simultaneous recovery of contractile tension (Fig. 7) . As already pointed out, OBT, E-10, quinidine and diphenhydramine themselves caused only mild inhibition of the contractile tension, so that the antagonism between these drugs and acetylcholine may be ascribed to the contradictory effect on the duration of action potential.
Supplement
Pilocarpine hydrochloride (2 x 10-6 g/ml) exhibited a negative inotropic action and shortening in the duration of action potential similar to the action of acetylcholine. The negative inotropic action was also found to recover with application of OBT (Fig. 8) and the other three agents.
On the other hand, atropine sulfate (2 x 10-'6 g/ml) which completely inhibites the negative inotropic action of 5 x 10' g/ml acetylcholine chloride, exhibited only a slight shortening of duration in the action potential (Fig. 9) . 
DISCUSSION
It has been speculated that the shortening effect of acetylcholine may play an impor tant role in negative inotropic action, since the shortening effect is known to progress in parallel with the negative inotropic effect (6) .
In previous studies, it has been demonstrated that acetylcholine increased the Ca in flux in the guinea pig atria (7, 8) , and exhibited no inhibitory effect in potassium contrac ture when acetylcholine was applied to depolarizing K solution, and the contracture en hancing effect of acetylcholine was observed only in the atria exposed to acetylcholine in the driven state prior to induction of the contracture (9, 10).
The effects of acetylcholine on potassium contracture suggest that acetylcholine does not have a site of action to inhibit muscle contraction in the depolarized state, rather that the mechanism of inhibitory action of acetylcholine in myocardial contractility may be concerned with the excitation process in the membrane. The augmenting effect on potas sium contracture then would be attributable to availability of Ca" in the myocardial tissue which had been increased by repetition of excitation as the result of the action of acetyl choline.
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